Peroxiredoxin 2 (PRDX2) has been known to act as an antioxidant enzyme whose main function is H 2 O 2 reduction in cells. We aimed to study the expression patterns of PRDX2 in mouse ovaries and explore the function of this protein in apoptosis of granulosa cells (GCs). We found that the expression of the PRDX2 protein in atretic follicle GCs was markedly higher than in healthy follicle GCs. In vitro, the transfection of siRNA targeting the Prdx2 gene inhibited the proliferation and induced the apoptosis of primary cultured GCs. Furthermore, suppression of PRDX2 resulted in the augmentation of endogenous H 2 O 2 , and the ability to eliminate the exogenous H 2 O 2 was attenuated. The expression of PRDX2 and nuclear factor kappalight-chain-enhancer of activated B cells (NFKB), whose activity was inhibited by binding to IKB, increased in GCs treated with various concentrations of H 2 O 2 for 30 min. However, no significant change in cytoplasmic IKB expression was observed. At 2 h after treatment with H 2 O 2 , nuclear NFKB expression level was reduced, cytoplasmic IKB expression was increased, and PRDX2 expression was unchanged. Silencing of the Prdx2 gene caused early changes in NFKB and IKB expression in the primary cultured GCs compared to that in control cells. Taken together, these data suggest that PRDX2 plays an important role in inhibiting apoptosis in GCs and that PRDX2 actions may be related to the expression of NFKB and IKB.
INTRODUCTION
During the last decades, many findings have suggested that apoptosis is the mechanism underlying ovarian follicular atresia. Severe follicular selection in the mammalian ovary means that less than 1% of follicles ovulate, and instead, most follicles undergo atresia during various stages of growth [1] . It has been well established that granulosa cell (GC) apoptosis is the cellular mechanism responsible for follicular atresia in mammals [2] , and the JNK [3] , PIK3/AKT [4] , and caspase [5] pathways are involved in this process. Reactive oxygen species (ROS), including superoxide anion (O 2¯) , hydrogen peroxide (H 2 O 2 ), and antioxidase, are reported to play important roles in homeostasis and are likely involved in GC apoptosis [6] . However, the precise mechanism is still obscure. Peroxiredoxins (PRDXs), initially characterized in yeast, constitute a family of antioxidant enzymes that share no homology with conventional antioxidant proteins [7] . PRDX2, one member of the PRDX family, is elevated in many cancers [8] and downregulated in various diseases such as neurodegenerative disorders [9] . PRDX2 orchestrates multiple cellular functions, including protecting protein and lipid against oxidative injury, cell proliferation, and differentiation, and mediates intracellular signaling pathways involved in apoptosis through the elimination of H 2 O 2 [10] . Nuclear factor kappa-light-chain-enhancer of activated B cells (NFKB) is a protein complex that controls the transcription of DNA. Activation of NFKB is initiated by the signal-induced degradation of IKB proteins. In addition, NFKB turns on the expression of its own repressor, IKB. The newly synthesized IKB then reinhibits NFKB and, thus, forms an auto feedback loop, which results in oscillating levels of NFKB activity [11] . Previous studies have suggested that NFKB proteins harbor both proapoptotic and antiapoptotic functions. For example, inhibition of NFKB results in enhanced Fas-mediated killing of mature T cells and apoptosis in human primary acute myeloid leukemia cells [12] [13] . H 2 O 2 , which is generated as a by-product of cytosolic metabolism and acts as a signal transducer, may stimulate the activation of NFKB. Overexpression of PRDX2 inhibits H 2 O 2 -induced activation of NFKB [10] . The more recent advent of small interfering RNA (siRNA) suppression technology allows us to determine whether suppression of PRDX2 causes activation or inhibition of NFKB and to examine its effects on GC apoptosis.
PRDX2 plays a vital role in mammalian life by modulating cellular apoptosis through the clearance of H 2 O 2 . To date, no studies have elucidated the role of PRDX2 in ovarian follicle atresia, which includes mechanisms such as apoptosis. Therefore, this study examined the expression of PRDX2 in the mouse ovary and investigated the PRDX2-regulated signaling pathways involved in GC apoptosis.
MATERIALS AND METHODS

Animals
Immature C57BL/6J mice (21-23 days old) were purchased from the animal center of Tongji Medical College (Huazhong University of Science and Technology, China). The mice received humane care according to the Guide for the Care and Use of Laboratory Animals of the Chinese Academy of Sciences. Mice were given commercial pellet feed, had access to water ad libitum, and were housed with controlled cycles (14L:10D) under specific pathogen-free conditions. All mice were killed by cervical dislocation, and their ovaries were harvested for studies.
Reagents and Antibodies
Leibovitz L-15 (L-15) medium and Dulbecco modified Eagle medium (4.5 g of glucose/L)-Ham F-12 (DMEM-F12 [l: l]) medium were purchased from Gibco (Grand Island, NY). A solution of insulin (1.0 mg/ml)-human transferrin (0.55 mg/ml)-sodium selenite (0.5 lg/ml) (ITS) was purchased from SigmaAldrich (St. Louis, MO). Fetal bovine serum, Superscript II reverse transcriptase, and Lipofectamine 2000 reagent were purchased from Invitrogen Life Technologies, Inc. (Carlsbad, CA). RNase-free DNase I was from Promega Corp. (Madison, WI). The siRNAs targeting the Prdx2 gene were designed and synthesized by Ribobio (Guangzhou, China). A 5-ethynyl-20-deoxyuridine (EdU) assay kit was bought from Ribobio (Guangzhou, China). The annexin V-fluorescein isothiocyanate (FITC) apoptosis detection kit was purchased from KeyGen (Nanjing, China). Compounds 3-(4,5-dimethylthiozol2yl)-2, 5-diphenyltrazolium bromide (MTT), propidium iodide (PI), and Hoechst 33342 stain were from BD Biosciences Clontech (San Jose, CA). The FastStart DNA Master SYBR Green I kit was bought from Roche Diagnostics (Mannheim, Germany). The NE-PER nuclear and cytoplasmic extraction kit was bought from Thermo Fisher Scientific Inc. (San Diego, CA). The PRDX2 polyclonal rabbit antibody was purchased from ProteinTech Group, Inc. (Chicago, IL). The NFKB, IKB, and GAPDH antibodies were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA).
Immunohistochemistry
The expression levels and cellular localization of PRDX2 protein in the different developmental follicles were determined by immunohistochemistry. Ovaries from each animal were fixed in 4% paraformaldehyde. Paraffinembedded ovaries were sectioned at 5 lm and mounted on glass slides. The sections were processed for immunohistochemical analysis by using routine procedures. Microscopy was performed using a Leica DM4000B microscope, and the images were recorded with a Leica DC 200 digital camera. The relative intensity of the immunostaining was scored semiquantitatively by two independent observers. A total of 278 follicles were scored and classified as negative, positive, or strongly positive, according to previously reported criteria [14] . Identification of follicle types was based on previous criteria [15] .
GC Culture
Ovaries from the animals were placed in cold L-15 medium supplemented with penicillin (100 IU/ml), streptomycin (100 lg/ml), and 10% fetal bovine serum. Ovarian tissue was separated from surrounding tissues by using a 25-gauge needle, then washed three times, and punctured with a needle to free the granulosa cells into L-15 medium. The cell suspension was centrifuged at 400 3 g for 5 min, resuspended, and then plated in 6-well plates in fresh DMEM-F12 medium. Cells were incubated at 378C under humidified conditions of 5% CO 2 and 95% air overnight. The DMEM-F12 medium was supplemented with EDTA (6.8 mM), HEPES (10 mM), 5% fetal bovine serum, penicillin, streptomycin, and ITS.
siRNA and Transient Transfection
Three siRNAs targeting the mouse Prdx2 gene were designed and synthesized commercially. These three siRNA candidates (si-001, sequence GCCAGATCACAGTCAATGA; si-002, sequence CCAATGTGGATGA CAGCAA; and si-003, sequence GGAAGTACGTGGTCCTCTT) were transfected with 50 nM of Lipofectamine 2000 in 6-well plates (30%-50% cell density per well). All cells were cultured for 24 h, when confluency had reached 30%-50%, and cells were transfected.
The expression of PRDX2 in GCs was studied by real-time PCR and Western blotting after transient transfection. When GCs were transfected, cell proliferation was analyzed by using the MTT and EdU assay. Cell apoptosis was analyzed by flow cytometry when cells had been transfected for 48 h. Cells were also treated with different concentrations of H 2 O 2 48 h after transfection and analyzed by Hoechst 33342 staining after an additional 24 h of incubation.
Western Blotting
GCs were isolated, cultured for 24 h, and then transfected with Prdx2 siRNA for 48 h. Various concentrations of H 2 O 2 were added to transfected and untransfected cells, and the cells were incubated for an additional 30 min or 2 h. Cells were then harvested, and the expression levels of total PRDX2, nuclear NFKB, and cytoplasmic IKB were analyzed. Cell extracts (50 lg) were electrophoresed on a 10% SDS-PAGE and transferred to a polyvinylidene difluoride membrane. The membrane was blocked for 1 h at room temperature using 5% nonfat milk in Tris-buffered saline (10 mM Tris, 150 mM phosphatebuffered saline [PBS], pH 8.0) containing 0.05% Tween 20. Membranes were incubated with diluted primary antibodies (PRDX2, 1:500 dilution; NFKB, 1:500 dilution; IKB, 1:500 dilution; GAPDH, 1:1000 dilution) at 48C overnight. They were then incubated with secondary antibodies (1:1000 dilution), and immunoreactive bands were visualized with alkaline phosphatase and BCIP/NBT staining. All blots were repeated three times.
Quantitative Real-Time PCR Cells were transfected with Prdx2 siRNA for 24 h and harvested for quantitative real-time PCR. Samples of 1 lg of total RNA from each sample were digested with RNase-free DNase I and reverse transcribed into cDNA by using Superscript II reverse transcriptase. Quantitative PCR was performed using Fast-Start DNA Master SYBR Green I kit in a Light Cycler (Applied Biosystems, Inc., Foster City, CA) real-time PCR system. The Gapdh gene was used as an internal control for Prdx2 template normalization. The Prdx2 primer sense sequence was CTC CTG ACT TCA CGG CCA CA, and the antisense sequence was GAA GTC CTC AGC ATG GTC GCT AA; the Gapdh sense sequence was TGT GTC CGT CGT GGA TCT GA, and the antisense sequence was TTG CTG TTG AAG TCG CAG GAG. Fluorescent signals were normalized to that of an internal reference, and the threshold cycle (Ct) was set within the exponential phase of the PCR. Relative gene expression was calculated by comparing cycle times for each target PCR. The target PCR Ct values were normalized by subtracting the Gapdh Ct value, which provided the DCt value. Relative expression levels between treatments were calculated using the following equation: relative gene expression ¼ 2 À(DCt sampleÀDCt control) [16] .
Hoechst 33342 Staining
The morphological alterations characteristic of apoptosis were examined in transfected GCs using Hoechst 33342 staining and microscopy (Olympus, Tokyo, Japan). GCs were seeded in 24-well plates with a cover glass and treated as described above. Cells were then fixed (methanol-glacial acetic acid at 3:1) for 15 min at 48C. Hoechst 33342 stain (10 lg/ml) was added, and cells were incubated for 20 min at 378C. Cells were washed three times with PBS and analyzed immediately. The staining was repeated three times.
MTT and EdU Assay
The effects of Prdx2 siRNA on cell proliferation were determined by the MTT assay performed according to a previous report [17] and by the EdU incorporation assay using the EdU assay kit according to the manufacturer's instructions. Briefly, cells were incubated for 4 h with MTT (1 mg/ml) at 12 h, 36 h, 72 h, and 96 h after transfection. Formazan crystals in active cells were solubilized with dimethyl sulfoxide (150 ll), and absorbance was measured at 630 nm. Each assay was performed in triplicate. All tests were repeated three times.
The effect of PRDX2 suppression on GC proliferation was also tested by the EdU incorporation assay. Briefly, GCs (5 3 10 3 cells per well) were cultured in triplicate in 96-well plates and transfected with 50 nM of control siRNA or Prdx2-specific siRNA for 36 h. Then, cells were incubated with 50 nM of EdU for an additional 2 h at 378C. Cells were fixed with 4% formaldehyde for 15 min at room temperature and treated with 0.5% Triton X-100 for 20 min at room temperature to permeabilize cells. After being washed with PBS three times, cells were incubated with 13 Apollo reaction cocktail (100 ll/well) for 30 min. DNA was stained with 10 lg/ml of Hoechst 33342 stain (100 ll/well) for 20 min and visualized with fluorescence microscopy. Five groups of confluent cells were randomly selected from each sample image. EdU-positive cells were obtained from the fluorescent image, and the relative positive ratio was calculated from the average of the five group values.
Flow Cytometry
An annexin V-FITC apoptosis detection kit was used to detect early apoptotic activity according to the manufacturer's instructions with slight modifications. GCs were transfected with Prdx2 siRNA or with control siRNA for 48 h. Various concentrations of H 2 O 2 were added and incubated with the cells for an additional 30 min or 2 h. Cells were harvested, washed twice with ice-cold PBS, and resuspended in 100 ll of binding buffer. Annexin V-FITC (5 ll) and PI (5 ll) were added, and the mixture was incubated for 15 min in the dark. Finally, 400 ll of binding buffer was added to the cells. The mixture was analyzed with a flow cytometer (Becton Dickinson Co., San Jose, CA) using FITC signal detector (FL1) and phycoerythrin emission signal detector (FL2). The percentage of apoptotic cells (10 000 cells analyzed) was determined. All experiments were performed three times. The data were analyzed using PRDX2 INHIBITS GRANULOSA CELL APOPTOSIS WinMDI 2.8 software (Scripps Institute, La Jolla, CA) to calculate the apoptosis ratio per group.
Assay of Intracellular H 2 O 2 Generation
Intracellular H 2 O 2 generation was measured with 2 0 7 0 -dichlorofluorescein diacetate (DCFH-DA) as described previously [18] . Briefly, a portion of the cells transfected with or without Prdx2 siRNA for 48 h was harvested, washed with PBS (pH 7.0), and incubated with 10 lM DCFH-DA for 20 min at 378C. Cells were then resuspended in DMEM-F12 medium, and the fluorescence intensity of the cell suspension was analyzed using fluorescence-activated cell sorting (FACS) (FACScan; Becton Dickinson, San Jose, CA). The portion of cells that was not harvested was washed with PBS and incubated with 10 lM DCFH-DA for 20 min at 378C. The cells were then examined using an Olympus FluoView 1000 unit. To avoid photo oxidation of DCFH, we collected the fluorescent image with a single rapid scan (four-line average; total scan time of 4.33 sec) using identical parameters of contrast and brightness for all samples. Cells were examined by differential interference contrast microscopy. Five groups of 10%-20% subconfluent cells or 20%-30% confluent cells were randomly selected from the image for each sample. The fluorescence intensity was measured for each group from the fluorescence image, and the relative fluorescence intensity per cell was obtained from the average of the five group values.
Statistical Analysis
Nonlinear curve fitting was performed using Pulsefit (Heka) and Sigmaplot (SPSS) software. Statistics were calculated using SPSS 13.0 software. Differences in PRDX2 expression among different follicular developmental stages were analyzed by the nonparametric Kruskal-Wallis test and the MannWhitney test when applicable. Paired and/or unpaired Student t-test was used to evaluate the statistical significance of differences between two group means, and ANOVA was used for multiple groups. If an F test result was significant (P , 0.05), the Newman-Keuls multiple comparison test was used to determine differences among the means. A P value of ,0.05 was defined as statistically significant.
RESULTS
Expression of PRDX2 in GCs Increased as the Follicles Grew
As shown in Figure 1A , immunoreactivity was not detected using the immunodepleted antibody, indicating that the staining represented authentic PRDX2 protein. The PRDX2 staining was not observed in the cytoplasm of GCs in primordial follicles (Fig. 1C) . However, as the follicles grew, the expression level increased (Fig. 1, D and E) . The antral follicles (Fig. 1, F and G) showed stronger staining than the growing follicles, and almost all of the atretic follicles showed strong positive staining (Fig. 1H) . Table 1 summarizes the expression of the PRDX2 protein in the GCs from primordial to atretic follicle stages. Staining was negative in primordial follicle GCs, but the positive ratio of GCs increased as the follicles grew. Eighty percent of GCs in antral follicles and almost all GCs in atretic follicles showed strong positive staining. Statistical analysis revealed that PRDX2 expression was significantly higher in atretic follicle GCs than in the other three groups (P , 0.001). The PRDX2 protein expression in oocytes was simultaneously detected in follicles of different developmental stages, but no significant differences were found. There was no PRDX2 protein expression in theca cells.
Suppression of the Prdx2 Gene Using siRNA Had Significant Effects on GC Proliferation and Apoptosis
As the PRDX2 protein was extremely abundant in atretic follicles, we propose it may play a crucial role in GC development and apoptosis. The siRNAs targeting the Prdx2 gene were synthesized to silence its expression. The effects of Prdx2 siRNA were studied using real-time PCR and Western blot analysis (Fig. 2, A and B) , and the most effective siRNA sequence, si-001, was used for further investigation. To determine the effects of Prdx2 siRNA on cell viability, GC proliferation following treatment was measured using the MTT Figure 2F , GC proliferation was inhibited following transfection with Prdx2 siRNA compared to that of control or mock transfected cells. Prdx2 knockdown cells showed less proliferation at 36 and 72 h. At 96 h, 32% of the cells in the siRNA groups were viable compared to 54.21% in the nontargeting control-transfected cells and 55.46% in the control cells. The EdU incorporation assay, a very sensitive and specific method [19] [20] , was used to compare the inhibitory effects of siRNA at 36 h following transfection (Fig. 2, D and E). The number of EdU-positive cells in the Prdx2 siRNA group was significantly reduced (10.3%) compared to the number of cells transfected with control siRNA (35.17%). Apoptosis ratios were analyzed by flow cytometry. The highest apoptosis ratio was observed in the cells transfected with Prdx2 siRNA at 48 h after transfection (Fig. 2G) . The apoptosis ratio of the siRNA-transfected cells was more dramatically increased at 72 h (35%), which was three-fold increased compared to that of the control.
Suppression of PRDX2 Induced Endogenous Production of H 2 O 2
To explore the apoptotic mechanism associated with PRDX2 suppression, we investigated the endogenous production of H 2 O 2 in GCs transiently transfected with Prdx2 siRNA for 48 h. Endogenous H 2 O 2 can be monitored with the oxidation-sensitive fluorescent DCFH-DA probe. Although many cellular oxidants can oxidize DCFH, H 2 O 2 is primarily responsible for this reaction [18] . DCF fluorescence intensity in GCs transfected with Prdx2 siRNA was more than twice as high as in the mock cells (Fig. 3A) . H 2 O 2 levels in the three groups were determined with DCFH-DA staining followed by FACS analysis. H 2 O 2 was elevated in Prdx2 siRNA-transfected GCs, an effect not observed in mock-transfected or control cells (Fig. 3B ).
Prdx2 siRNA Sensitized GCs to H 2 O 2 -Induced Apoptosis
Based on the fact that Prdx2 siRNA induced endogenous production of H 2 O 2 , we examined the effect of eliminating exogenous H 2 O 2 in the PRDX2-suppressed cells. Cells transfected for 48 h were incubated with various concentrations of H 2 O 2 for an additional 30 min. No obvious apoptosis appeared until the concentration was up to 500 lM in mock and control groups, but the apoptosis ratio reached 31.5% in Prdx2 siRNA cells treated with 100 lM H 2 O 2 (Fig. 3C) . The Prdx2 siRNA-treated group showed a significantly different apoptosis ratio with various concentrations of H 2 O 2 than the mock and control cells did (Fig. 3C) (Fig. 4, A, B, and C) . The EC 50 values were 1248.95 lM, 1216.54 lM, and 601.57 lM in the three respective groups following a 2-h incubation with H 2 O 2 (Fig.  4, D, E, and F) . Apoptotic cells were stained with Hoechst 33342 and observed with fluorescence microscopy. Cells with or without siRNA transfection were cultured for 48 h. Then, various concentrations of H 2 O 2 were added to the cells in the presence or absence of Prdx2 siRNA for 24 h. Shrunken nuclei were observed in Prdx2 siRNA-transfected cells. More dramatic changes occurred as the concentration increased; however, cellular changes were unremarkable in the other two groups, until the H 2 O 2 concentration reached 500 lM (Fig.  3D ).
Prdx2 siRNA May Induce Apoptosis Through the NFKB Pathway
To further delineate the mechanisms underlying PRDX2 suppression in apoptosis and the role of PRDX2 in eliminating extra H 2 O 2 in GCs, we examined the expression of PRDX2 (total cell extracts), cytoplasmic IKB, and nuclear NFKB by Western blot analysis. Various concentrations of H 2 O 2 were added to the cultured GCs in the presence or absence of Prdx2 siRNA, and the GCs were harvested 30 min or 2 h later. At 30 min, the absorbance value of PRDX2 in the nontransfected cells was at a maximum level (0.8803 6 0.0268) following treatment with 100 lM of H 2 O 2 . NFKB expression increased as the concentration of H 2 O 2 increased to 200 lM, but the changes in IKB were not significant (Fig. 5A ). There were no significant differences in PRDX2 expression among the groups at 2 h. NFKB expression was decreased, and IKB expression was increased following treatment with 500 lM and 1000 lM of H 2 O 2 (Fig. 5C) . Suppression of PRDX2 augmented the expression of nuclear NFKB at 30 min, even when the concentration of H 2 O 2 was as low as 100 lM. However, strong IKB expression was not detected in siRNA-treated cells following H 2 O 2 treatment, and GCs that were siRNA treated but not stimulated with H 2 O 2 showed strong expression of IKB (Fig. 6A) . At 2 h, NFKB expression was decreased, and IKB absorbance values were significantly increased in Prdx2 siRNA-treated cells compared to control cells in the absence of treatment (Fig. 6C) .
DISCUSSION
The ovaries of mammals, including those of humans and farm animals, release a constant small number of oocytes in every cycle. The majority of follicles (99.9%) selectively undergo atresia during follicular growth and development. In most mammals, follicular atresia is primarily induced by GC apoptosis [2] . ROS, including superoxide anion (O 2¯) and H 2 O 2 , are produced in all aerobic cells and are involved in 1186 follicular atresia [21] . ROS production can be detected with hydroethidine staining and analyzed by flow cytometry in GCs [22] . Macrophages with the ability to produce oxidative products such as NO, O 2¯, and H 2 O 2 were also identified in GCs [23] . Margolin et al. [24] proposed that H 2 O 2 treatment was toxic to GCs. All suggested that H 2 O 2 may play an important role in GC apoptosis. PRDX2, a member of the PRDX family, has a crucial function in eliminating H 2 O 2 that is produced during cell metabolism. The protein eliminates H 2 O 2 with reducing equivalents provided by the thioredoxin (Trx) system. Considering that PRDX2 may protect cells from attack by ROS and the fact that ROS may induce apoptosis, we speculated that PRDX2 may play a crucial role in modulating GC apoptosis.
The characterization of PRDX2 as an antioxidant protein that protects cells from ROS or cellular oxidative damage was initially observed in human red blood cells, where it was known to play a role in enhancing the cytotoxicity of natural killer cells [25] . Han et al. [26] found that Prdx2
À/À mouse skin shows reduced PCNA expression, indicating a decrease in cell proliferation. G2/M arrest is also observed in Prdx2 À/À mouse embryonic fibroblast (MEF) cells. We examined PRDX2 protein level in GCs, and the positive ratio of GCs in atretic follicles was 98%. Because GC apoptosis was the major mechanism responsible for follicle atresia, we isolated GCs and cultured them in vitro. The Prdx2 suppression by siRNA inhibited proliferation of the isolated GCs and increased the apoptosis ratio. Collectively, these data and previous studies 
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suggested Prdx2 deletion or suppression was associated with the decrease in cell proliferation. Moreover, we observed that the amount of H 2 O 2 in siRNA-transfected cells was twice that of controls. These data corroborate those in a study by Qu et al. [27] , which showed that downregulation of PRDX2 increases the oxidative stress. The excess production of H 2 O 2 may induce hyperoxidation of PRDX2. Hyperoxidation and downregulation of PRDX2 act together to induce cell cycle arrest [28] , and this may influence cell proliferation. Zhang et al. [29] showed that overexpression of PRDX2 inhibits apoptosis in Molt-4 leukemia cells. PRDX2 could prevent H 2 O 2 accumulation in cells, thereby protecting cells from H 2 O 2 -induced cell death. These observations may explain why treatment of GCs with a Prdx2 siRNA induces cell death. A low level of H 2 O 2 acts as a signal transducer, but a high dose of H 2 O 2 is cytotoxic and often causes lipid peroxide formation and DNA fragmentation. Therefore, it is speculated that the high apoptosis ratio may be due to excess endogenous H 2 O 2 accumulation in the siRNA-transfected cells.
The reaction catalyzed by PRDX is reversible at low H 2 O 2 concentrations ( 250 lM) [30] . Overoxidation of PRDX2 protein occurs during severe oxidant exposure, but the overoxidized protein can be recovered with the Trx system. Kim et al. [31] observed that induction of PRDX2 mRNA is increased in human endothelial (ECV304) cells treated with H 2 O 2 . Moreover, overexpression of PRDX2 in ECV304 cells exposed to t-butylperoxide or methyl mercury causes a reduction in ROS and protection from oxidative stress. We showed that PRDX2 protein expression increased gradually and peaked upon addition of H 2 O 2 (100 lM) to the medium for 30 min. However, PRDX2 expression decreased as the concentration of H 2 O 2 increased, an effect that may be due to the molecular structure transformation. The thiol (Cys-SH) group of PRDX2 is oxidized to disulfide in the presence of high concentrations of H 2 O 2 . As H 2 O 2 rises, PRDX2 undergoes further oxidation to Cys-SO2H, or it may undergo other modifications that cannot be detected [32] . When PRDX2 is oxidized to disulfide or sulfinic acid it cannot eliminate H 2 O 2 , and this may explain why apoptosis was evident following treatment with 500 lM H 2 O 2 . PRDX2 expression did not change within 2 h of treatment, suggesting that the Trx system may provide reducing equivalents to recover its structure during short durations.
Inactive NFKB is bound to the inhibitory subunit IKB in the cytosol, and it can be activated by a large number of stimuli, such as H 2 O 2 . We found that a 30-min H 2 O 2 treatment (at 500 lM and 1000 lM) caused an increase in NFKB expression but no change in IKB expression. Treatment of cells with H 2 O 2 induces phosphorylation of IKB, and this allows NFKB to translocate to the nucleus. Phosphorylation of IKB may lead to its degradation. Our results agreed with those of Takada et al. [33] but differed from those of Kang et al. [10] , who showed that a 30-min treatment with H 2 O 2 (100 lM) caused significant degradation of IKB. Serine phosphorylation, but not tyrosine phosphorylation, of IKB leads to its degradation [33] . It is unclear whether these differences are due to cell type or antioxidant status between donors. Following a 2-h treatment with 500 lM of H 2 O 2 , apoptosis was evident, nuclear NFKB was downregulated, and the cytosolic protein of IKB was increased. This means that NFKB activation was blocked. An increase in IKB protein may be due to nuclear NFKB stimulation. Over time, increased IKB facilitated the translocation of NFKB to cytoplasm, resulting in downregulation of NFKB nuclear expression levels. Collectively, these data show that the concentration of H 2 O 2 that accumulates in GCs contributes to alterations in the NFKB and IKB loop. It remains unclear whether H 2 O 2 alone activates NFKB or whether it stimulates or inhibits the activation of NFKB through other mediators.
We also examined the effects of H 2 O 2 treatment in PRDX2-suppressed cells. In the absence of H 2 O 2 , nuclear NFKB expression was lowest and IKB was highest in Prdx2 siRNAtransfected cells. This suggests that suppression of PRDX2 inhibits the activation of NFKB, possibly due to an overproduction of H 2 O 2 . Frelin et al. [13] found that a blockade of NFKB activation leads to apoptosis in human primary acute myeloid leukemia cells. This is consistent with the increase in apoptosis observed in Prdx2 siRNA-treated cells 48 h after transfection. GCs with low PRDX2 expression were less efficient at clearing H 2 O 2 , thus, apoptosis was evident even when GCs were exposed to a low concentration of H 2 O 2 (100 lM). The EC 50 value after cells were treated for 30 min with Prdx2 siRNA was 619.44 lM compared to 1248.63 lM for control cells. The NFKB level in PRDX2-suppressed cells was augmented following treatment with H 2 O 2 (100 lM) compared to that in control cells treated with 500 lM H 2 O 2 . Cytoplasmic IKB protein expression was remarkably increased when the concentration of H 2 O 2 was 100 lM, but nuclear NFKB expression gradually decreased at 2 h.
In conclusion, our results demonstrate that suppression of PRDX2 makes GCs more sensitive to H 2 O 2 and provides further evidence that PRDX2 plays a pivotal role in protecting GCs from ROS damage through NFKB and IKB actions. Given its vital role in balancing the internal microenvironment of the follicle and its ability to inhibit the follicle atresia, PRDX2 may play an important role in the ovary aging.
